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Blood Loss in Pelvic Fractures
During the years 1960-65 206 cases of pelvic fracture were admitted to the Bristol Royal Infirmary, of which approximately half were due to road traffic accidents (Table 1) . Of these only those in the third group required laparotomy (18 out of 40) and of these 3 underwent surgery for uncontrolled bleeding.
In minor pelvic fractures, although the initial shock was often prominent, the patients soon responded to simple measures and little blood was lost. However, although the orthopedic problems were slight, observation was necessary for suspected abdominal injury in approximately a third of the patients. A state of severe shock is common in the more severe disruption injuries and its correction by intravenous plasma and blood is often necessary before a complete clinical examination can be made together with appropriate X-rays. Three important points arising in the initial examination and early assessment are: (1) The finding of associated injuries, particularly vascular and visceral. (2) The maintenance of blood pressure above 100 mmHg systolic by transfusion, easily accomplished without rise in pulse.
(3) Adequate stabilization to relieve pain and to prevent fresh bleeding resulting from movement.
Disruptive pelvic fractures cause a variable amount of retroperitoneal haematoma which arises from the fractute site and adjacent torn muscles and vessels; this tracks up the posterior abdominal wall to the perinephric region. Apart from the signs of blood loss this hmmorrhage may initially remain concealed but later ecchymoses in the subcutaneous tissues of the inguinal region, scrotum and buttock may alert one to the extent of the himorrhage (Braunstein et al. 1964) . Plain X-rays and more particularly an intravenous pyelogram or cystogram may show absence of psoas shadows or displacement of the ureters or bladder by pressure from the enlarging htmatoma, which may also extend into the base of the mesentery causing an ileus that may take several days to subside. Perry & McClellan (1964) , in a study of autopsies following road traffic accidents, showed that fractured pelvis ranked second only to head injuries, and in 18 cases the pelvic fracture was thought to be the primary cause of death, hlemorrhage alone being responsible in 8 cases.
The blood supply to this area arises mainly from branches of the internal iliac artery with a wide cross-circulation. Four branches of this arteryobturator, superior and inferior gluteal and internal pudendalpass through foramina in the pelvis and are likely to be damaged by rupture of the pelvic ring. As the visceral branches are in a larger amount of extra-pelvic connective tissue they are relatively mobile and thus less liable to traumatic damage, but the musculoskeletal branches are more closely bound to the pelvic wall and their mobility is very limited. If both internal iliac arteries aie ligated in a normal person there remains an extensive collateral circulation which, even after bilateral internal iliac artery ligation, is adequate for normal visceral activity and provides sufficient blood flow not to embarrass the circulation. Even in pelvic fractures where some of the collaterals have been destroyed there will, I consider, be adequate distal circulation. Shafiroff et al. (1959) demonstrated blanching of pelvic viscera in dogs after bilateral internal iliac ligation, but there was a subsequent slow development of collaterals until a pulse could be felt distal to the ligature at two weeks and at no time was visceral activity impaired.
Recordings have been studied in gynecological practice (Burchell 1968 ) by direct pelvic arterial measurements before and after internal iliac ligation. After bilateral ligation the pulse pressure distal to the ligature dropped 85%. With unilateral ligation the drop on the same side was 72 % and on the opposite side 14%. The mean arterial pressure (diastolic +one-third pulse pressure) underwent a 24 % drop on bilateral ligation. With unilateral ligation the drop was 22 % on the same side and 10% on the opposite. This percentage drop obtained by unilateral ligation may therefore be adequate to allow the bleeding to cease. Eastcott (1969) , in his book on arterial surgery, states that in difficult aorto-iliac aneurysms complete resection is not feasible since ligation of both internal iliacs in addition to the inferior mesenteric almost certainly means left colon necrosis. This has not been my experience in a number of emergency and planned aortic reconstructions with routine internal iliac artery ligation, and in all cases, even when the inferior mesenteric and lumbar vessels were also ligated, the left colon on inspection has been found to have an adequate blood supply. Therefore, when these latter vessels are left intact as in fractures of the pelvis, the vascularity to the pelvic structures is likely to be more than adequate.
Case History A man aged 36 sustained a crush injury in a vat with his legs drawn up under him. On admission he was shocked, and had a large humatoma in the lower abdomen, upper thigh and left loin, with rigid abdomen. There was some bruising in the perineum, but a catheter was inserted which revealed clear urine. There was impaired sensation below the left knee but pulsations were felt in both femoral arteries. X-rays showed bilateral fractures of the ischium and pubis with joint involvement on the right, and some upward displacement of the left innominate bone due to fracture of the left sacral ala. There were also fractures of Ll and the transverse process of L5. The patient required 5 pints of blood and plasma initially (2900 ml), following which laparotomy was performed showing no intraabdominal injury but a large retroperitoneal hmmatoma arising from the left pelvis. By the next day a further 12 pints (7 litres) of blood had been required to maintain his condition and the hematoma had extended upwards from the left loin towards the axilla. At a second laparotomy left internal iliac artery ligation was performed and bleeding ceased. Two surgical approaches have been employed in internal iliac ligation: transperitoneal and extraperitoneal. The latter seems to be preferred in gynvcological practice but in pelvic fractures the former method is suggested as any other injuries can be dealt with and most surgeons are more familiar with this route; landmarks are more easily demonstrated in spite ofcontinued bleeding.
When the peritoneal cavity is opened blood may be found without any intraperitoneal damage as the retroperitoneal haematoma commonly ruptures into the peritoneal cavity or a small peritoneal laceration may have occurred at the initial violence.
In this series of 40 cases of severe pelvic fracture where 18 required laparotomy the following conditions were found: hematuria 5 cases; palpable retroperitoneal haematoma 7; nerve injuriessacral 2, cauda equina 1, gluteal 1, lateral cutaneous nerve of thigh 1; rupture of urethrapartial 6, complete 2; rupture of bladderintraperitoneal 1, extraperitoneal 2; splenic laceration 2; sigmoid colon injury 2; damage to limb circulation 1; massive himorrhage 3.
The indications for considering laparotomy in the severe type of pelvic fracture are: (1) evidence offree intraperitoneal bleeding or visceral perforation; (2) bladder or urethral injury; (3) palpable expanding hiematoma; (4) severity and location of trauma; (5) bony fragments driven into pelvis with crushed sacroiliac joints; (6) blood loss exceeding 2500 ml.
If hemorrhage is the only feature encountered at laparotomy then ligation of either one or both internal iliac arteries would seem to be devoid of complications and by causing complete arrest of direct circulation and producing a temporary hypotension beyond the ligature will allow the natural arrest of bleeding to take place. It would seem that bleeding enough to account for such massive hvmorrhage is likely to be arterial, main stream or early branch, and that a direct approach to this vessel offers most chance of controlling the blood loss. Mr J P Mitchell (Bristol Royal Infirmary, Bristol BS2 8HW)
Problems in Diagnosis of Bladder and Urethral Injuries
Two factors in recent years have altered the management of injuries of the bladder and urethra. The first is the appreciation that extravasation of urine is not a serious complication of grave prognosis, the second is that partial rupture of the posterior urethra is considerably more common than total transection. To these factors may be added a third, that when damage to the lower urinary tiact occurs in association with fracture of the pelvis, there may be a rupture of both bladder and urethra in up to 20% of cases (Clarke & Leadbettei 1952 , Mitchell 1963 , 1968 . Extravasated urine from an injured bladder or urethra is relatively harmless for twenty-four hours. In the past, extravasation has conjured up a picture of gross spreading pelvic cellulitis and this was due to its association with urethral stricture and peri-urethral abscess, all of these patients having gross urinary infection. In the cases of urinary tract trauma, 99% of the patients have sterile urine at the time of injury. Chemical irritation may occur from the extravasated urine, but this is of little consequence until after forty-eight hours. It need therefore no longer be regarded as urgent to drain urine immediately injury of the lower urinary tract is suspected. This provides the accident surgeon with time to give adequate resuscitation and treat other major injuries in their true priority.
Injuries to the bladder in association with a fractured pelvis are usually extraperitoneal, due to penetration of the bladder wall by a spicule of bone from the superior aspect of the pubic ramus. However, intraperitoneal rupture is occasionally found in association with a fractured pelvis but the causative factor then is probably a blow in the lower abdomen, when the bladder virtually bursts. The diagnosis of intraperitoneal rupture of the bladder is rarely obvious when the patient is first admitted to hospital, as the relatively low toxicity of urine results in a delay in development of peritoneal irritation. This is well illustrated by a patient seen recently with a fractured pelvis who had only moderate guarding compatible with a bony injuiy. However, after eighteen hours he had failed to pass urine and his abdomen had increased in size by circumferential measurement. The initial peritoneal aspiration was dry, but eighteen hours later fluid was obtained. He was found to have a 6 cm tear in the midposterior wall of the bladder and 1500 ml of urine inside the peritoneal cavity, yet the pulse rate had only increased from 80 to 90 during the eighteen-hour period of observation.
The diagnosis of extraperitoneal rupture can usually be made on the patient's general condition, the failure to pass urine after twenty-four hours and the complete absence of any distension of the bladder. After twenty-four hours the pulse will begin to rise and there will be increasing tenderness in the suprapubic area. Urethrography and intravenous pyelography are usually valueless in confirming the diagnosis and the bladder must be explored. In view of the frequency with which this injury is associated with ruptured urethra, suprapubic catheter drainage is advisable for 2-3 weeks until either urine is passed spontaneously or panendoscopy can be performed to confirm that the urethra is normal. The tear in the bladder wall in extraperitoneal rupture is usually so small that there is no need to make a formal closure.
In rupture of the posterior urethra, the statement made by Clifford Morson in 1941 that stricture is inevitable when the urethra has been completely transected has been fully endorsed. Before a claim can be made that the urethra has been successfully repaired after injury, a follow up of at least five years must be made, and probably longer. Even if the urethra is transected under full aseptic precautions and the two clean healthy ends are reanastomosed, as in the earlier operations described for urethral stricture resection, then a further stricture will still occur with serious urethral outflow obstruction. On the other hand, if only part of the wall of the urethra is lost, then the lumen stenoses to some extent but an adequate
